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Introduction

Initial reports on the emergence of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), the aetiological cause of
coronavirus disease 2019 (COVID-19), were published in December
2019. Since then, COVID-19 has resulted in substantial morbidity
and mortality globally [1]. From December 2020 through the
beginning of 2021, several COVID-19 vaccines received regulatory
authorization in many countries.

The population of Israel includes more than nine million people.
Approximately 74% are Jews (of which nearly 12% are ultraorthodox
(religious)), 21% are Arabs and 5% are of other religions and eth-
nicities [2]. The healthcare system in Israel is characterized by
universal health insurance. Under the regulation of the Ministry of
Health (MoH), a broad basket of health services is provided to all
citizens through four health maintenance organizations (sick
funds). Each citizen must be a member of one of these sick funds
that supply primary care services via community clinics. Inpatient
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services are generally provided by public hospitals, with associated
costs covered by the sick funds [3]. All sick funds maintain elec-
tronic health records and have well developed physical and virtual
infrastructure and paths of communication with their members.

Centralized management of the COVID-19 epidemic in Israel
was led by the MoH, and operationalized by sick funds and hos-
pitals. Operational assistance was provided by the military, civilian
organizations, and local municipalities.

Before COVID-19 vaccines became available, non-pharmaceutical
preventive measures were implemented in Israel to control the
epidemic, including limitations on international travel, school clo-
sures, social and physical distancing, obligatory face masks in public
spaces (enforced by law), cancellation of mass gatherings, and
several prolonged near-complete lockdowns [4]. In addition, a large-
scale programme of contact tracing and isolation was implemented
through epidemiological investigations and digital tracking, with
widespread RT-PCR testing among contacts of confirmed COVID-19
patients [4]. These measures were associated with a reduced risk of
SARS-CoV-2 transmission [5]. Nonetheless, maintaining strict public
compliance with non-pharmaceutical preventive measures was
challenging, and disease surges that occurred after lockdowns were
lifted suggested that such measures may be effective only for short-
term reduction of viral transmission and disease burden. On 19th
December 2020, Israel introduced mass vaccination with the
BNT162b2 mRNA vaccine (Pfizer-BioNTech) [6]. Herein we describe
the Israeli experience and perspective on COVID-19 immunization.
COVID-19 vaccine introduction and deployment

The BNT162b2 COVID-19 vaccine was introduced in Israel dur-
ing a third nationwide wave of COVID-19 infections, and while
under lockdown (Fig. 1). Vaccine introduction was accompanied by
an extensive campaign which was entitled ‘Back to Life’ to
encourage vaccine uptake. Positive incentives, termed ‘the green
passport’ (also known green tag), were provided to immunized
individuals that allowed them to attend events with larger gath-
erings such as theatres, restaurants and hotels.

Initially, healthcare workers, individuals aged �60 years, and
those with underlying diseases were prioritized for COVID-19 im-
munization, after which the vaccine was offered to residents aged
�16 years in a staggered, age-descending manner. At the beginning
of June 2021, Israel's MoH approved the BNT162b2 vaccine for use
ublished by Elsevier Ltd. All rights reserved.
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Fig. 1. (a) Incidence rate of RT-PCR-confirmed severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infections, Israel March2020eJuly 2021. (b) Coronavirus disease 2019
(COVID-19)-related deaths, Israel March 2020eJuly 2021.
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among 12e15-year-old adolescents. The vaccine is given in two
doses, 3 weeks apart.

Vaccinations were provided by the four sick funds, each of
which established immunization centres/clinics across the country.
Support was provided by the Home Front Command, emergency
care providers such as Magen David Adom, and local municipalities
to optimize reach in remote areas and for prioritized populations
such as nursing-home residents [4]. Special government funding
for vaccine purchasing, timely negotiations and contracts with
vaccine manufacturers for a large supply of vaccines relative to Is-
rael's population, well-developed information technology and
logistical capacities of the community-based sick funds, and coor-
dination with the MoH, medical centres and emergency care pro-
viders were leading factors contributing to the successful
deployment of the COVID-19 vaccination in Israel (10).

Vaccine uptake

Vaccine uptake was rapid (Fig. 2a), and within 2 months about
half of the total population had received a vaccine dose. As of 1st
June 2021, 81% of the population aged �16 years had received the
second vaccine dose. Vaccine uptake was high, exceeding 75%
among those aged 20 years and increasing with age, surpassing 90%
in individuals aged �60 years (Fig. 2b).

Potential explanations for the rapid rollout and uptake of COVID-19
vaccine in Israel

Multiple factors likely contributed synergistically to the rapid
uptake of the COVID-19 vaccine in Israel, including factors related
to preparedness and management of COVID-19 vaccination and
general characteristics of the country and healthcare system as
described above [10]. The government's high commitment and
trust in vaccines as a solution for the COVID-19 crisis was
declared by the Prime Minister very early in 2020 and was
translated into allocation of funds and efforts for purchasing
vaccines early and towards successful distribution of the vac-
cines. The government also funded development of a COVID-19
vaccine in Israel, Brilife, a viral vector-based vaccine, which is
currently in phase I/II clinical trials [11].
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Fig. 2. (a) Cumulative number of RT PCR-confirmed cases of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and uptake of coronavirus disease 2019
(COVID-19) vaccine in Israel. (b) COVID-19 vaccine uptake by age and vaccine dose, Israel.
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At the preparedness stage, in early in 2020 the MoH was in
contact with multiple vaccine manufacturers that were working on
development of COVID-19 vaccines to ensure availability of suffi-
cient vaccine doses as quickly as possible. Upfront, the government
purchased enough vaccine doses with which to immunize all
people aged �16 years. These efforts proved successful, as shortly
after the Food and Drug Administration (FDA) authorization of the
BNT162b2 vaccine, initial shipments of the vaccine doses arrived in
Israel. Storage warehousing with adequate cold conditions (e70�C)
could be prepared in advance due to the existing physical and
operational infrastructure. COVID-19 immunization priorities and
timelines were clear, and determined in advance by the MoH in
consultation with specific committees of experts.

Implementation of the COVID-19 immunization campaign in the
general population was run by the four sick funds; each quickly
established designated call centres and computerized systems to
make vaccination appointments at immunization centres distrib-
uted across the country, extended opening hours (including over
weekends), and trained nurses andmedical personnel. The available
expertise of the sick funds alongside the relatively small
geographical and population size likely contributed significantly to
the rapid establishment and efficient organization of these centres.

COVID-19 immunization was accompanied by well-designed
mass advertising campaigns, in mass media, across social media
platforms, and in multiple languages. These campaigns included
simple messaging and provided reliable information on vaccine
safety and efficacy, which are critical elements for addressing
vaccine hesitancy and related concerns.

Documentation of immunization in electronic health records
was done immediately after administration of the vaccine, which
enabled real-life monitoring of vaccine uptake nationally and
within local municipalities. Immunization data from all sick funds
became available immediately in a national MoH database and
served as a basis for decision-making. For example, high demand
for the vaccine led to increasing numbers of immunization centres.

Initially, vaccine uptake was slower and lower in the Arab and
ultraorthodox (religious) Jewish populations than in the general
Jewish population [4,12]. However, following culturally tailored
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interventions undertaken by the MoH, sick funds and local stake-
holders, these gaps were reduced, although not fully eliminated.
Interventions included engagement of, and working closely with,
the local municipalities and community leaders (e.g. religious
leaders, medical personnel), who became an integral part of
decision-making and operation of the immunization distribution.
Moreover, advertising of COVID-19 immunization was refined to
meet the needs and concerns of the Arab and ultraorthodox com-
munities by using tailored language and adapting approaches to
cultural motives of the population. Additional immunization cen-
tres, including mobile clinics, were also opened to enhance access
to vaccines in these populations and in remote regions.

Immunization of special groups such healthcare workers was
undertaken by the employing medical centres at the first phase of
COVID-19 immunization. Thus, being the first to get the vaccine,
medical personnel served as role models for the general population
in accepting COVID-19 vaccination. This, coupled with the positive
incentives given to vaccinees (i.e. green passport [tag]), likely
encouraged people to get vaccinated. Immunization of residents of
nursing homes and long-term care facilities was undertaken in the
framework of a ‘Senior Shield’ programmewith designated funding
and resources; this was completed towards the end of January 2021,
thus providing protection rapidly to this vulnerable population, and
freeing personnel to complete immunization of the general
population.

Collectively, these factors led to high and rapid uptake of COVID-
19 vaccines in Israel.

BNT162b2 vaccine effectiveness and impact

While the BNT162b2 vaccine showed 95% efficacy against
COVID-19 in a phase III trial [6], assessment of vaccine effectiveness
in real life was needed. The availability of electronic medical re-
cords in Israel facilitated the conduct of such rapid assessments
[7e9,13]. A nationwide analysis up to April 2021 showed vaccine
effectiveness estimates at �7 days after the second dose of 91.5%
against asymptomatic SARS-CoV-2 infection, and 97.0% against
symptomatic infection, COVID-19 hospitalizations, severe disease
and death, during a period in which the variant of concern, a
(B.1.1.7), was predominant in Israel [8]. Further studies are needed
to assess the vaccine effectiveness against additional emerging
variants of concern, i.e. b (B.1.351), g (P.1) and d(B.1.617.2).

Testing for SARS-CoV-2 mostly relied on self or physician
referral, which might be affected by immunization status.
Furthermore, vaccinated and unvaccinated individuals likely differ
in health behaviours and other characteristics. Under the circum-
stances of high vaccination coverage, unvaccinated persons likely
represent marginal population segments that decline vaccination
for various reasons. Studies undertaken by Chodick et al. addressed
these shortcomings [7,13].

Based on the results of a phase III trial [6], the BNT162b2 vaccine
did not induce protection until day 12 following immunizationwith
the first dose; this period can therefore be used as a referencewhen
comparing the incidence of infection after day 7 following immu-
nizationwith the second dose [7]. Using this method, Chodick et al.
showed vaccine effectiveness of 94% against COVID-19, which was
consistent across age, sex and population groups, although effec-
tiveness was lower among immunosuppressed patients [7].
Another study from Israel showed that immunization of pregnant
women with the BNT162b2 vaccine was safe and effective against
SARS-CoV-2 infection [14].

The quick and high uptake of the second vaccine dose coupled
with the high effectiveness against SARS-CoV-2 infection and
COVID-19 led to substantial and consistent reduction in COVID-19
incidence and mortality [4,8]. These encouraging decreases were
followed by gradual reopening and lifting of COVID-19 restrictions.
This corresponds to sustained declines in COVID-19 incidence in all
age groups, including unvaccinated age groups, thus suggesting
indirect protection (herd immunity) conferred by BNT162b2. Herd
immunity was also built upon the increasing number of persons
who had recovered from COVID-19, from 432 063 at the beginning
of January 2021 to 782 335 at the beginning of March 2021,
reaching 857 554 towards the end of July 2021. The number of
persons with natural undetected SARS-CoV-2 infection is likely
greater by a factor of 4e15 as demonstrated in a nationwide sero-
epidemiological study [15]. Israel's MoH recommends immuniza-
tion with a single dose of BNT162b2 for individuals who recovered
from COVID-19 at least 3 months after recovery. It is estimated that
20e25% of thosewho recovered from COVID-19 received BNT162b2
vaccine; this likely also enhanced the development of herd
immunity.

Towards the end of June and at the beginning of July 2021 a
consistent increase in the incidence of SARS-CoV-2 infection has
been seen (Fig. 1), including among vaccinated persons, with most
infections caused by the d variant of concern.

BNT162b2 vaccine safety

An analysis of reports of events that occurred within 30 days
following immunization of 5.4 million people with the first dose
and 5.09 million people with second dose suggests that overall the
vaccine had a safe profile, with themajority of adverse events being
mild and transient; these events included both systemic (weakness,
headache, fever) and local (pain, erythema) reactions [16]. Ac-
cording to an MoH press release on 1st June 2021, 148 people
developed myocarditis after immunization with the BNT162b2
vaccine, usually shortly after receiving the second vaccine dose.
Most of these cases were young males. The illness was described as
mild in most cases, with the exception of one fatal case. It was
concluded that immunization with BNT162b2 was positively
related to the occurrence of these cases [16] (MoH Telegram). The
occurrence of myocarditis following immunization with both
mRNA vaccines BNT162b2 and mRNA-1273 (Moderna) was re-
ported in the United States and Europe, and a few case series were
published from Israel [17e22]. The FDA's emergency use authori-
zation has been modified to include information on myocarditis
risk after the receipt of mRNA COVID-19 vaccines [20].

Immunization of children and adolescents aged 12e15 years

Following the FDA authorization of the BNT162b2 vaccine
among children aged 12e15 years, Israel's MoH recommended
immunization of this age group. About 2 months after the MoH's
recommendation, vaccine uptake among children aged 12e15 years
remains low at around 30%.

Conclusions

The deployment of the COVID-19 vaccine in Israel was rapid and
successful due to well organized national efforts of all health sec-
tors in the country, the existing infrastructure, and the allocation of
adequate resources. This was reflected by high uptake of both
vaccine doses, increased vaccine compliance among the ultraor-
thodox Jewish population and Arab populations, high vaccine
effectiveness, and consistent and sustained declines in COVID-19
incidence and mortality which eventually achieved the goal of
the ‘Back to Life’ campaign. Remaining challenges include: (a)
maintaining this success, especially with the removal of nearly all
COVID-19 restrictions and alongside a current increase in disease
incidence throughout July 2021, (b) increasing vaccine uptake
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among adolescents aged 12e15 years, (c) reducing the remaining
gaps in COVID-19 vaccine uptake across specific population groups
(Arabs and ultraorthodox Jews relative to the general Jewish pop-
ulation), and (d) understanding the duration of protection
conferred by the BNT162b2 vaccine and protection against new
SARS CoV-2 variants of concern.
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